Abstract
Introduction
All graphs considered in this paper are finite and simple. A proper edge coloring of a graph ( ) In other words, the subgraph induced by the union of any two color classes is a forest. The acyclic edge chromatic number (also called the acyclicchromatic index) of a graph G, denoted by ( ) a G ′ , is the minimum number of colors required for any acyclic edge coloring of G. In 2001, Alon, Sudakov and Zaks [1] gave the wellknown Acyclic Edge Coloring Conjecture.
Conjecture 1 (AECC).
For every graph G with maximum degree ( )
Given a positive integer r, the r-acyclic edge coloring is a generalization of the acyclic edge coloring of graphs. In this paper we considered the r-acyclic edge coloring problems with r = 4. Using probabilistic arguments, we get some new upper bounds for the 4-acyclic edge chromatic number of arbitrary graph G. Theorem 1. Let G be a graph with maximum degree ∆ and girth g.
Proof of Theorem 1
We make use of the Lovász Local Lemma as an important tool in our proof. Before giving the proof of Theorem 1, we state the general version of the Lovász Local Lemma (see [5] [6] for details) as follows. In the first step, we have to prove that there is an edge coloring
, where c > 1 is a constant to be fixed later, such that  satisfies the following four properties. 1) Every vertex has at most two incident edges of any single color; 2) There are no cycles colored by a single color; 3) There are no cycles colored by just two colors; 4) If the cycle D is colored by just three colors, there are ( ) , e f E G ∈ such that they are adjacent and have the same color.
For each edge ( ) e E G ∈ , we do the following random experiment. Choose a color uniformly and independently at random from the color set { } 1, 2, , c∆  , and let it be the color of the edge e. In order to make sure the resulting random coloring  satisfying properties (i)-(iv), we define four types of "bad events" as follows.
Type I. For each set of three edges { } 1 2 3 , , e e e incident with a given vertex
, , e e e E be the event that all the three edges 1 2 3 , , e e e receive the same color. Obviously, if all the events of Type I, II, III and IV do not occur, then the edge coloring  satisfies properties (i)-(iv). Let us construct a graph H needed in Lemma 2. Denote X to be a set of three edges or a cycle D in the graph G, where all the three edges are incident with a given vertex and colored by the same color, and all the edges of ( ) E D are colored by a single color, or colored by two colors, or properly colored by three colors. Let ( ) , , e e e be the edge set of type I and D be a cycle in the graph G. 
1) For each event
Let e be any given edge of graph ( )
The number of sets which consist of e and two other edges adjacent to e at the same vertex, is less than 
. It is well-known that ( ) f z is an increasing function which converges to 1/e as z tends to be infinity. Define 
